1. The effect of 25" head-up tilt on blood pressure, urinary catecholamines, and creatinine clearance has been studied in untreated essential hypertensive patients and normotensive subjects.
system and adrenal medulla is normal in this disorder (Peart, 1966) . This apparent paradox has led to studies on responsiveness to stimuli that activate the sympatho-adrenomedullary system. Such stimuli include change in posture, which activates the sympathetic nervous system primarily, stimulating noradrenaline secretion (Sundin, 1956 ) and initiating neurovascular reflexes that affect blood pressure and modify renal function (Lee, Lindeman, Yiengst & Shock, 1966) . In one such study (Frohlich, Tarazi, Ulrych, Dustan & Page, 1967) , a proportion of hypertensive subjects responded abnormally to the stimulus of head-up tilt, with enhanced increase in blood pressure and total peripheral vascular resistance. We have investigated the question of sympathetic responsiveness further, by measuring responses in blood pressure, urinary noradrenaline and glomerular filtration rate to head-up tilting in a group of normotensive and untreated essential hypertensive subjects.
METHODS
Forty-one untreated Caucasian hypertensive patients (thirty sustained essential hypertension, eleven borderline hypertension) and eleven Caucasian normotensive subjects were studied. Of the hypertensive patients, thirty-two had received no previous treatment for the hypertension, while nine had received treatment for the hypertension in the past, but not in the preceding 12 months. The absence of recent treatment was related to the fact that all were either newly diagnosed hypertensives, borderline hypertensives, or previously diagnosed defaulters who had recently renewed contact with doctors, and were now referred for diagnostic procedures. The blood pressure elevation was designated sustained hypertension or borderline hypertension on the basis of average casual, or usual, blood pressure (Julius & Schork, 1971) . The average blood pressure during the first 2 days of hospital admission, or over several out-patient attendances was in excess of 155195 mmHg in each of the patients with sustained hypertension. In patients with borderline hypertension, the average pressure under these conditions in each case fell between 145/90 and 155195 mmHg, although occasional values were sometimes above or below this range. The values of 155/95 and 145/90 mmHg are based on the distribution of blood pressure in population studies, such as reviewed by Julius & Schork (1971) . Subjects with isolated systolic hypertension and normal diastolic pressures were not included in the study. Secondary hypertension was reasonably excluded by routine screening procedures including urine microscopy and culture, serum and 24 h urinary sodium and potassium concentrations, endogenous creatinine clearance, urinary catecholamine excretion, and in most cases intravenous pyelography (intravenous pyelography was not performed in four patients with borderline hypertension). None of the female hypertensive patients was taking oral contraceptive drugs. The severity of the hypertensive disease was graded according to the scale of Corcoran, Dustan, Taylor & Page (1954) and the patient's adiposity estimated from a ponderal index (Grace & Goldrick, 1969) . In twenty-six of the forty-one hypertensive patients it was felt that estimation of the duration of hypertension was possible, with adequate documentation from previous frequent medical examinations related primarily to employment. Duration was dated from the time that elevated pressure was first noted, whether borderline or sustained elevation. The eleven normotensive subjects comprised seven student volunteers and four ambulant hospital in-patients. None had cardiovascular disease, or a family history of hypertension.
The investigation was performed on the hypertensives as out-patients (twenty-three subjects)
or during the first 2 days of hospital admission (eighteen subjects) to minimize any effects of confinement and prolonged recumbency (Dietrick, Whedon & Shorr, 1948) . Changes with tilting in blood pressure, urinary noradrenaline, and glomerular filtration rate were measured. After an overnight fast, subjects were rested supine in a single bed ward for 90 min before the commencement of the study. Then followed a 90 min period of recumbent rest, and after venepuncture, a further 90 rnin consisting of 15 min for stabilization of blood pressure and pulse rate after venepuncture, and terminating in 75 min of head-up tilt. Subjects voided at the end of both these periods, and the urine was acidified and frozen for storage before estimation of catecholamines and creatinine. Drinking water was given throughout to ensure an adequate urine flow. Blood pressure was measured with a sphygmomanometer at 10 min intervals during the period of recumbent rest. Disappearance of sound was taken as the diastolic end-point. Blood was drawn at the end of the period of recumbency for estimation of serum creatinine. After collection of the first urine sample and venepuncture, blood pressure and pulse rate were repeatedly measured until they had returned to pre-venepuncture values, which invariably occurred within 15 min. A stable pre-tilt baseline having been obtained, subjects were then tilted head-up on a tilt-table with a foot-board at 25" tilt for 75 min. With the sphygmomanometer cuff at heart-level, blood pressure was measured at 2 min intervals for the first 20 min of tilt and at 10 rnin intervals thereafter. Blood pressure and pulse rate changed on tilting to reach a stable peak response within 5 min or so, then remained almost constant for 20-30 min after which there was a gradual return towards pre-tilt values. The blood pressure and pulserate responses were taken as the means of the three maximum deviations from the immediate pre-tilt values during the first 20 min of tilt. This in effect recorded the plateau of blood pressure and pulse-rate response to tilt, eliminating the periods of early circulatory adjustment, and slow return towards baseline if this occurred sooner than 20 min after commencing tilt. Urinary free noradrenaline and adrenaline were determined in duplicate with a Turner I11 fluorimeter by differential fluorimetry with two sets of flters (Euler & Lishajko, 1959) but otherwise using the method of Crout (1961) . Internal standards were taken through the entire procedure.
Urinary creatinine was determined by the alkaline picrate method (Edwards & Whyte, 1958) and serum creatinine by an AutoAnalyzer method.
In eighteen subjects, plasma volume was measured on the morning of the test by using Evans Blue. From this, and the estimated mean haematocrit (Chaplin, Mollison & Vetter, 1953) , blood volume was calculated.
Questionnaire-based psychometric testing was performed in patients with elevated blood pressure. Psychometric testing was performed within 2 weeks of the tilt studies, but not on the day of the tilt test. Questionnaires used were the I.P.A.T. anxiety scale Questionnaire (Cattell & Scheier, 1963) which is primarily a measure of free-floating or manifest anxiety, and the Eysenck Personality Inventory (Eysenck & Eysenck, 1964) which measures two dimensions of personality, neuroticism-stability and extraversion-introversion.
RESULTS
The relevant details about the subjects, and the responses to tilt, are listed in Tables 1-3. For the purpose of this study, patients with borderline and sustained hypertension have been incorporated into a single group. They have been treated as a continuum in this way to facilitate 
-- evaluation of the responses in relation to the severity index of the hypertensive process. This is not to imply homogeneity of the group, or a necessary progression with time from borderline to sustained hypertension. Although some indices of sympathetic responsiveness correlated overall with severity of the hypertension, in no case did the response in those with borderline hypertension as a group differ significantly from that in sustained hypertensive or normotensive subjects.
Change in systolic blood pressure
The change in systolic blood pressure in the hypertensives was -4.5 f 7-8 mmHg (mean & SD) and in the normotensives -1.1 f4.0 mmHg. The differences in the means was not significant, but the hypertensives demonstrated a significantly greater scatter of systolic pressure responses (variance ratio = 3.80, P< 0.01). The normal subjects maintained their systolic blood pressure in the face of orthostatic stress better than many of the hypertensives, thirteen of whom, with falls of 10 mmHg or more, had a fall in systolic blood pressure more than 2 standard deviations greater than the mean fall in the normal subjects. These hypertensives tended to have more severe disease and overall there was a significant negative correlation between changes in systolic blood pressure and severity index (r = -0.37, P<0-02).
Change in diastolic blood pressure
Mean change in diastolic blood pressure in the hypertensive subjects was + 4.9 & 6.6 mmHg and in the normotensives, + 5.3 f 3.3 mmHg (difference in means not significant; variance ratio = 3-76, P<O-Ol). Ten of forty-one hypertensive subjects, with diastolic blood pressure rises of 1 1 mmHg or more, reacted as 'orthostatic hypertensives' with a rise in diastolic pressure greater than the rise in any of eleven normal subjects. Of the ten orthostatic hypertensives, four had borderline hypertension, four had mild sustained hypertension and two (patients 7 and 9) had moderately severe sustained hypertension. For the hypertensive group as a whole there was only a low order of negative correlation between changes in diastolic blood pressure and severity index (r = -0.27, 0.05cP<O.l).
Change in urinary noradrenaline
There were substantial changes in creatinine clearance with tilting, and urinary noradrenaline excretion was corrected for these changes. [Change in noradrenaline = measured urinary noradrenaline (tilted) x creatinine clearance recumbentlcreatinine clearance tilted -measured urinary noradrenaline (recumbent).] There was a significant rise in uncorrected mean urinary noradrenaline excretion, + 0.41 pg/h for hypertensive patients (P< 0-01, paired t-test) and +0.42 pg/h for normotensive subjects (P<0.05). The changes in adjusted urinary noradrenaline excretion, +0-68 & 0.96 pg/h for hypertensives and + 0.56 f 0.51 pg/h for normotensives did not differ significantly, but hypertensive subjects demonstrated a wider range of noradrenaline responses (variance ratio 3.54, P c 0-02). In eight of forty-one hypertensives, who showed increases greater than 1.6 pg/h, the noradrenaline response was more than 2 standard deviations beyond the mean increment for normal subjects. Of these eight subjects with abnormally large change in noradrenaline excretion, six behaved also as orthostatic hypertensives. For the hypertensive group as a whole there was a significant correlation between changes in diastolic blood pressure and urinary noradrenaline (r = 0.53, Pc0.001) (Fig. 1) .
The noradrenaline response tended to be smaller in patients with chronic hypertension (duration of hypertension against noradrenaline response, r = -0.38, 0.05 <P<O.l, Fig. 2) .
There was also a trend for severity index and noradrenaline responsiveness to be negatively correlated, although this did not reach statistical significance (Fig. 3) .
There was no correlation between the urinary noradrenaline content during recumbency and the increase with tilting.
Blood volume was measured in ten male hypertensives and eight male normotensives. Noradrenaline response to tilt was unrelated to blood volume in either group. 
Change in creatinine clearance
A fall in mean creatinine clearance occurred with tilt, and this was of similar magnitude in hypertensive and normotensive subjects with reductions of 10.2+ 17.2% and 7.2+ 13.7% respectively. The large standard deviations partly reflect technical factors as endogenous creatinine clearances based on voided specimens give less than ideal reproducibility. Coefficient of variation (Coefficient of variation = 100 x JError variancelcombined mean) for endogenous creatinine clearance performed at the same time on successive days in twenty subjects was 11.9% and coefficient of variation for successive collection periods on the same day has been reported as 8.1% (Healy, 1968) . But the scatter of responses observed probably also reflects physiological differences. The mean fall in the orthostatic hypertensives was 21 -3% compared with a fall in the remaining hypertensives of 6.0% (t = 2.92, P<O.Ol), and for the hypertensive group as a whole, there was a significant correlation between rise in diastolic blood pressure and fall in creatinine clearance; r = 0.40, P<O.O1 (Fig. 4) .
Psychometrics
Anxiety scores in borderline hypertensives, 23-2 =k 10.5, and sustained hypertensives, 30.7 =k 13.4, did not differ significantly. The neuroticism scores in borderline and sustained hyper- tension, 7.9 k 5.5 and 10.9 5 5-8 respectively, also were not significantly different. Overall, there was no correlation between anxiety and neuroticism scores, and the sympathetic responses to tilting shown by the hypertensives.
DISCUSSION
An accentuated blood-pressure rise with tilting occurs in approximately one-third of all patients with essential hypertension (Frohlich et al., 1967) . Results have been presented here consistent with the concept that enhanced sympathetic nervous system responsiveness underlies an orthostatic hypertensive response. This enhanced responsiveness was manifested as greater change in diastolic blood pressure, urinary noradrenaline, and glomerular filtration rate in those subjects with an excessive response to tilt. The basis of such an enhanced responsiveness remains uncertain, but it seems unlikely that the 'tilt hyper-responders' were more anxious than the remaining hypertensive subjects, and that an accentuated response to tilting only reflected a greater degree of apprehension about the procedure. Questionnaire scores of anxiety and neuroticism in the tilt hyper-responders did not differ significantly from the scores in the remaining hypertensives, neither was their adrenaline excretion, an index of anxiety (Euler, 1964) , raised.
Some of the clinical characteristics of the 'tilt-hyper-responders' (the twelve hypertensive patients with greater rises in diastolic blood pressure, urinary noradrenaline, or both, than seen in normotensive subjects), warrant mention, As a group, the 'tilt hyper-responders' tended to be young, not obese, with hypertension of recent onset. All twelve 'hyper-responders' were less than 45 years while ten of twenty-nine normal responders were over 45 (P<0.05; chisquare test of significance). Age appears to have little influence on noradrenaline, blood pressure or renal responses to orthostatic stress in normal subjects (Lee et al., 1966; Hickler, Hamlin & Wells, 1959; Strandell, 1964) . Duration of the hypertension was known in eight of the twelve 'tilt hyper-responders', and was in no case more than 5 years. In nine of eighteen normally responding patients, hypertension had been present for more than 5 years (Pc 0.05; chi-square test of significance) and in seven for 10 years or more. Fourteen of twenty-four normally responding hypertensives were obese, having a ponderal index of 2.6 or more, equivalent to greater than 115% ideal body weight. None of the twelve 'hyper-responders' were obese (P<O.Ol; chi-square test of significance). An enhanced sympathetic responsiveness to tilt may be a common accompaniment of early, mild essential hypertension, to be lost later if the hypertensive process becomes more severe. It is of interest in this regard that when the study was repeated after an interval 1-2 years, in four patients with mild sustained hypertension, and one with borderline hypertension, who initially showed an accentuated response to tilting, the changes in diastolic blood pressure, urinary noradrenaline, and creatinine clearance observed on retesting were marginally lower than the earlier responses in each of these five patients.
However, the responses were not significantly less (paired t-test), and in four of the five still constituted a greater than normal response to tilt.
The evidence for increased sympathetic activity in essential hypertension has recently been reviewed (Nestel & Esler, 1970) . It seems probable that resting hypertensive subjects on the whole do not excrete increased amounts of catecholamines, although a proportion of hypertensive subjects demonstrate elevated excretion of catecholamines and their metabolites. In the present study, eight of forty-one hypertensive patients had a resting urinary excretion of noradrenaline more than 2 standard deviations greater than the mean excretion rate in the normal subjects. These tended to be patients with higher blood pressures and more severe hypertensive disease. Among subjects with mild, untreated hypertension the output of catecholamines may be normal in the absence of stress but may be above normal during stress. An increased response, measured in terms of increased arterial pressure and urinary catecholamines, has also been observed in young, mild hypertensive patients when stressed with mental arithmetic (Nestel, 1969) .
There are several studies in the literature reporting normal plasma and urinary noradrenaline responses to tilt in essential hypertension (Sundin, 1956; Hickler et al., 1959) . These differ from the present study in several respects. The number of patients studied was generally small, and included mainly those with severe sustained hypertension. An enhanced noradrenaline response to change in posture has been described in subjects with 'hyperkinetic circulation', in association with both normal and elevated blood pressure (Kuchel, Cuche, Barbeau, Brecht, Boucher, Nowaczynski & Genest, 1970) . It is of interest in this regard that three of the hypertensives had symptoms of recurrent palpitations and chest discomfort suggestive of hyperdynamic P-adrenergic disease (Frohlich, Tarazi & Dustan, 1969) ; all three were 'tilt hyper-responders'.
Differences in blood pressure responses to tilt between normally reacting hypertensive and orthostatic hypertensive patients reflect a greater increase in total peripheral vascular resistance in the latter (Frohlich et al., 1967) . In this study, orthostatic hypertensive patients had the largest increment in urinary noradrenaline, and for all hypertensive patients a significant relationship was found between the increments in diastolic pressure and urinary noradrenaline. This suggests a possible quantitative relationship between increased sympathetic nerve discharge to arterioles and a rise in diastolic pressure. Although the rate of noradrenaline excretion in the urine is a very indirect measure of sympathetic activity, several lines of evidence suggest that it may be a valid index. Patients with autonomic degeneration excrete reduced amounts of noradrenaline in the urine (Goodall, Harlan & Alton, 1968) . When a sympathetic nerve trunk is electrically stimulated the rate of noradrenaline release into venous blood is related to the frequency of sympathetic nervous discharge (Brown & Gillespie, 1957) . Plasma and urinary noradrenaline concentrations rise in response to change in posture (Sundin, 1956; Hickler et al., 1959) but the relative contribution by sympathetic nerves in different sites to the total noradrenaline plasma pool is unknown. Since adrenalectomized patients have been shown to have a normal noradrenaline response to tilt (Euler & Franksson, 1957) it is presumed that the sympathetic nerves to arterioles are the major source of the noradrenaline increment. But other sites, such as the heart (Braunwald, Harrison & Chidsey, 1964 ) may also contribute. Furthermore, an increase in the amount of noradrenaline overflowing into plasma may reflect diminished re-uptake by the nerve ending, and need not necessarily indicate an increased frequency of sympathetic nerve discharge. Finally, it has been assumed that plasma noradrenaline is passively handled by the kidney, so that urinary excretion, corrected for differences in glomerular filtration rate, reflects the plasma concentration. Although this assumption is commonly made, there is no evidence available on this point in man, and some evidence to the contrary in dogs (Overy, Pfister & Chidsey, 1967) .
Renal physiology is affected by posture. Tilting reduces renal blood flow and glomerular filtration rate (GFR) and elevates renal vascular resistance (Lee et al., 1966) . It has been suggested that the fall in GFR is produced by vasoconstriction of afferent arterioles (Smith, 1939-40) . We have found that the orthostatic hypertensive subjects had the largest falls in GFR, and for the hypertensive group as a whole, change in diastolic pressure and GFR were negatively correlated. As an increase in total peripheral vascular resistance underlies the increase in diastolic pressure with tilting (Frohlich et al., 1967) increases in renal afferent arteriolar resistance and total peripheral resistance would seem to be closely related.
From which level of the barostat reflex arc the broad spectrum of responsiveness in essential hypertension derives is not clear. The response to tilt may be influenced by blood volume (Jeffrey, Fareeduddin & Abelmann, 1970; Ramirez & Abelmann, 1968) . Contraction of the plasma volume has been described in essential hypertension, but this is a prominent finding only in patients with more severe disease (Tarazi, Frohlich & Dustan, 1968) . In the present study, sympathetic responses were largest in patients with borderline and mild sustained hypertension, and in fact noradrenaline response to tilt and blood volume appeared to be unrelated. There is some evidence that the sensitivity of the baroreceptors is reduced in severe hypertension, but is virtually normal in mild hypertension (Bristow, Honour, Pickering, Sleight & Smyth, 1969) . This observation may be relevant to the diminished tolerance to orthostatic stress noted in some patients with more severe hypertension, but leaves the phenomenon of tilt hyper-responsiveness unexplained. A primary defect on the efferent limb of the barostat reflex, at the level of central integration of sympathetic function, or at the nerve ending, such as has been suggested in hyperkinetic circulation (Kuchel et al., 1970) remains an untested speculation.
